The effect of hydrocortisone and sucrose on the development of chick intestinal disaccharidases was studied using the organ culture system. When intestines of 15 and 17-day-old embryos were cultured in the presence of hydrocortisone, there was significant enhancement of disaccharidases activity compared with the control. However, there was no effect in the 20-day embryonic intestines.
It is well known that the microvillus surface is rich in enzymes that complete the hydrolysis of selected nutrients to absorbable substances. The hydrolytic enzymes, such as disaccharidases, alkaline phosphatase and peptidases, are thought to play an important role in terminal digestion and absorption of nutrients (1) (2) (3) .
Recently, there has been considerable interest in the development of the hydrolytic enzymes in the intestine. A number of intestinal membrane-bound enzymes, viz, alkaline phosphatase (EC 3.1.3.1), maltase (EC 3.2.1.20), sucrase (EC 3.2.1.48) and trehalase (EC 3.2.1.28), are dramatically increased at the time of hatching in birds (4) and at the time of weaning in mammals (5, 6) . With regards to chick intestinal alkaline phosphatase, it has been suggested that the active form of vitamin D3 is one of the important regulators for the induction of this enzyme using the organ culture system (7, 8) .
The mechanism of induction of disaccharidase activity during development is of treated to control (relative activity). Total protein was determined by the procedure of LOWRY et al. (14) . Bovine serum albumin was used to prepare a standard curve.
4. Chemicals. Hydrocortisone sodium succinate was kindly provided by Upjohn Co., Ltd.; sucrose was purchased from Kokusan Chemical Works, Ltd. and maltose was from Wako Pure Chemical Industries, Ltd. Tris was from Sigma Chemical Co., glucose oxidase was from Worthington Biochemical Compa ny, actinomycin D was from P-L Biochemicals, Inc. and cycloheximide was from Sigma Chemical Co.
RESULTS

1.
Comparison of the development of disaccharidase activity in chick intestine in vivo and in organ culture For comparison of intestinal disaccharidase activity, the developmental pattern of chick intestinal disaccharidase activity during the pre and post-hatching stages is shown in Fig. 1 . Chick intestinal disaccharidases, i.e., maltase and sucrose, began to rise about six days before hatching and showed a little peak 2-4 days before hatching and then increased at the time of hatching. In jejunum, the activities of both enzymes were higher than those in duodenum through development. Particularly, in the course of development, maltase activity in jejunum was dramatically increased just after hatching and the activity was 6 times higher compared to that of 1 day before hatching. From these results, jejunal part was used for the following experiments.
In order to assess the induction of disaccharidase activity in the lack of possible humoral control mechanisms that present in vivo, we examined it using the organ culture system of chick intestines. Jejuna from 15 to 20-day-old chick embryos were removed, cultured for two days in Eagle's minimum essential medium and their disaccharidase activity was compared to that obtained during development in vivo. As shown in Fig. 2 , under these conditions, intestinal disaccharidase activity of explants from 15-day-old chick embryos showed comparable growth in vivo but those from 17 and 20-day-old chick embryos did not increase to the same extent as those observed in 19-day-old chick embryos and a post-hatched 2-day-old chick grown in vivo (see Fig. 1 ).
These results demonstrate that when intestines are cultured from 17 to 20 day-old embryos, they did not develop in the same way as in the organism, sug gesting a lack of some nutrients or humoral control mechanism that is present under physiological conditions.
Effect of hydrocortisone on chick intestinal explants
The finding, that corticosteroids can induce intestinal disaccharidases in suckling rats in vivo precociously (9) , suggests that these steroids might be one of important factors in this process. Therefore, hydrocortisone was added to the culture medium and its effect was observed. The induction of disaccharidases was enhanced with increasing hydrocortisone concentration and reached a maximum when the hormone concentration was 10-6M and was depressed thereafter. At a concentration of 10-8M, a small response was detected in sucrase activity. However, there was no response in maltase activity (Fig. 3) . Therefore, using 10-6 M of hydrocortisone, the effect of hydrocortisone on chick embryonic intestinal explants was observed at various stages of development (Table 1) . The results obtained in organ cultures indicated that when the hormone was added to the culture media of the explants obtained from chick embryos at various stages, 1.6-fold and 1.8-fold stimulation of maltase activity was observed in explants from 15 and 17-day-old embryos cultured for two days, respectively. Jejuna from 17-day-old embryos showed a comparable growth in vivo and those from 15-day-old embryos showed better growth than those in vivo. There was no significant effect obtained in the jejuna from 20-day-old embryos.
Similarly, in the case of sucrase, a significant effect of hydrocortisone was observed in the explants from 15 and 17-day-old embryos. In the presence of hydrocortisone in the culture media, 2.8-fold and 2.1-fold stimulation of sucrase activity was observed in explants from 15 and 17-day-old embryos cultured for two days, respectively. However, there was only a slight stimulation of sucrase when 20-day-old embryonic intestines were grown for two days in culture medium in the presence of hydrocortisone. These results suggest that in the early develop mental stage, glucocorticoids play a role in the induction of chick intestinal di saccharidases: maltase and sucrase.
Effect of sucrose on chick intestinal explants.
The inability of 20-day-old embryos to respond to hydrocortisone in culture suggests that some other factors is involved in the induction of enzyme at this stage of development. Since chicks begin to take a high carbohydrate diet from intestine after hatching, sugar itself could be one of the factors involved in the induction of disaccharidases in 20-day-old embryo. Therefore, sucrose was added to culture medium in this stage of development.
As shown in Fig. 4 , induction of both disaccharidases was clearly enhanced with increasing sucrose concentration and reached a maximum when sucrose con centration was 5.56mM. At the maximum point, the relative activity of sucrase and maltase was 3.35 and 2.05, respectively. The increase of both disaccharidases activities was observed at 0.556mM sucrose in the medium. The dose-response curves for the induction of disaccharidases were similar to that obtained for hydro cortisone in 17-day-old embryos, although, concerning the effect on sucrase ac tivity, the relative activity was higher than that of maltase at every concentration.
Effect of antibiotics on induction of disaccharidases activity
Using the organ culture system of chick embryos, it was clearly shown that hydrocortisone is involved in the induction of disaccharidases in earlier than 17 -day-old embryos, and sucrose, the substrate of the enzyme, is involved in the induc tion of the enzyme in the 20-day-old embryo. In order to characterize hydrocorti sone or sucrose-evoked disaccharidases activity, the effect of antibiotics on hydro cortisone or sucrose induction of disaccharidases was observed in 17-day and 20-day-old embryos, respectively. In the case of the hydrocortisone-evoked disaccharidases activity in 17-day embryos, the addition of actinomycin D in the culture medium inhibited the induc tion of maltase and sucrase activities by approximately 60% (Table 2) . Moreover, in the case of the addition of cycloheximide to the medium in the same develop mental stage, the inhibitory effect on maltase and sucrase was 70 and 100%, respectively. Whereas, in the case of sucrose-evoked disaccharidases activity in the 20-day-old embryo, the inhibitory effect of actinomycin D was very little (maltase: 12%, sucrase: 14%). However, cycloheximide inhibited the induction of both enzymes completely in this developmental stage. 
DISCUSSION
Using the organ culture system of chick embryonic intestine , the effect of hydrocortisone and sucrose on the development of intestinal maltase and sucrase was studied. In the present study, it was clearly shown that hydrocortisone is required for the induction of disaccharidases in 15 and 17-day-old embryos and sucrose is necessary for that in 20-day-old embryos. Moreover, hydrocortisone evoked disaccharidases activity was sensitive to actinomycin D and cycloheximide, but sucrose-evoked activity was insensitive to actinomycin D and sensitive to cycloheximide. These results suggest that the site of action of the two factors are different.
A well-established system of enzyme induction in higher organisms is trypto phan pyrrolase (EC 1.13.1.12) which is induced by hydrocortisone administration or by a high level of dietary tryptophan. In this system, it is clearly demonstrated that hydrocortisone acts on the synthesis of enzyme protein via mRNA synthesis and tryptophan decreases the degradation of enzyme (15, 16) .
Further investigations are required to confirm that the induction mechanism of chick intestinal disaccharidases by hydrocortisone or sucrose might be similar to that of tryptophan pyrrolase. However, the inhibition of hydrocortisone evoked disaccharidases activity by the administration of an inhibitor of mRNA synthesis, such as actinomycin D, indicates that hormonal action was mediated by an effect on mRNA synthesis.
O n the other hand, it is an interesting find that sucrose was capable of inducing enzyme activity in the 20-day-old embryo stage. The change of the composition of the diet at that developmental stage of chick embryos suggests that a dietary factor plays an important role in the induction of the enzyme. Chick intestinal brush border proteins, which show disaccharidases activity, reacted strongly with carbohydrate-specific stain after hatching (17) . Consequently, it appears that sucrose might act on the glycosylation of enzymes occuring in chick intestine in this developmental stage. This possibility will be subjected to further examination in our future studies.
